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DESCRIPTION 



ppeiation and circuitiy of a power conversion and control circuit 

The present invention relates to an electric circuit and to a method of operating a first 
MOSFET and a second MOSFET. 

5 

Power amplification, conversion and control with paralleled MOSFETs, is widely used 
in various power applications, hi particular, such circuits find widespread use in 
automotive and industrial applications. Such circuits obtain hi^ current ratings by 
paralleling the MOSFETs. Due to the paralleling of several MOSFETs which are driven 
10 with one gqte signal, higher currents may be achieved. 

However, due to the &ct that the parallel MOSFETs are driven with one gate signal, the 
current sharing between the devices establishes automatically with regard to the 
characteristics of the individual devices. This may lead to a large non-uniformity of the 

15 current sharing between the MOSFETs, even despite the self-balancing efifect of the 
MOSFETs (RDSon gets higjbier for the FET, with the higher losses due to heating up). 
The difference in current may lead to higher maximum currents for the respective 
MOSFETs. Therefore, the individual devices, i.e. MOSFETs, have to be overrated, 
resulting in bigger and more costiy devices. Furthermore, the power dissq)ation is 

20 different, and hot spots may occur, leading to reliability problems. 

It is an object of the present invention to provide for improved electronic circuit for 
power conversion or control. 

25 According to an aspect of the present invention, the above object may be solved by an 
electronic circuit comprising a iBrst and a second MOSFET. The jBrst and the second 
MOSFETs are arranged parallel to each other. The first MOSFET has a first resistance 
when it is switohed on, and the second MOSFET has a second resistance when it is 
switohed on. According to an aspect of the present invention, there is provided a 
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MOSFBT fesi'stance control for individually controlling at least one of the iSist 
resistance of the first MOSFET and the second resistance of the second MOSFET. 

Due 1o Ifae individual control of the first and second resistances of the first and second 
5 MOSFETs, an improved current sharing may be achieved between these parallel 

MOSFETs. Advantageously, this may allow for the use of smaller devices, i.e. smaller 
rated MOSFETs and an over-dimensioning is reduced. Also, due to the more equal 
distribution of the currents flowing through the MOSFETs, a better heat distribution 
may be achieved This may allow to avoid hot spots. Overall, this exemplary 
1 0 embodiment of the pr^ent invention may allow for an incaceased reliability of the 
electronic circuit. 

According to another exemplary embodiment of the present invention as set forth in 
claim 2, the MOSFET resistance control circuit comprises a gate voltage control circuit 
15 for individually controlling at least one of the first and second gate voltages of the first 
and second MOSFETs, to thereby control at least one of the first and second resistances 
of the MOSFETs. Advantageously, this allows for a very smxple control of the 
MOSFET resistances. Thus, a very simple circuit may be provided at low cost, which 
has a minimal component count and a high reliability. 

20 

According to another exemplary embodiment of the present invention as set forth in 
claim 3, the gate voltage control circuit controls the first and second voltages, such that 
the resistances are adjusted to each other. The adjustment of the resistances of the 
MOSFETs allows for the currents flowing through the MOSFETs to be equalized. Thus, 
25 a temperature difference between the MOSFETs may be reduced or avoided 

According to another exen^lary embodiment of the present invention as set forth in 
claim 4, there is further provided a current measuring unit for measuring at least one of 
a first current through Ihe first MOSFET and a second current flowing through the 
30 second MOSFET. Furthermore, according to this exentplary embodiment of the present 



-3- 



PHDE030275EPP 



mvention, the g^~v6lt^ controrBrcuit is ad^tecTto mdividually controT at least iSe" 
of Hie first and second voltage on the basis of &e first and second currents. This may 
allow for a very accurate control of the currents flowing through the MOSFETs and the 
resistances of the MOSFETs. Also a direct feedback control may be realized. 

5 

According to another exemplary embodiment of the present invention as set forth in 
claim 5, a temperature sensor for measuing at least one of a first temperature of the first 
MOSFET and a second temperature of the second MOSFET is provided. The gate 
voltage control is adapted to control the first and second voltages on the basis of at least 
10 one of the first and second temperatures. Thus, due to the temperature based control of 
the first and second voltages of the MOSFETs, an over-heating of the MOSFETs may 
be avoided and thus the reliability of the circuitry may be increased. 

According to another exeniplary embodiment of flie present invention as set forth in 
15 claim 6, the gate voltage control circuit only performs a control of the first and second 
voltage when one of the first and second temperatures exceeds a first pre-set 
tenq>erature. Thus, the electronic circuit maybe operated in a way that as long as there 
is no temperature exceeding the threshold temperature, no adaptation or control of the 
gate voltages of the MOSFET is performed. The control of the gate voltage is only 
20 performed when a t^iq>erature exceeding the pre-set threshold temperature is detected. 

According to another exemplary embodiment of the present invention as set forth in 
claim 7, the temperatures of at least two MOSFETs are measured and the gate voltage 
control circuit is adapted to perform a control of the first and second voltages only, 
25 when a diSerence of these temperatures exceeds a second jire-set temperature. Thus, the 
MOSFET resistances are adjusted to each other and excess teniperature difEerences 
between the MOSFETs may be avoided. 

According to other exemplary embodiments of the present invention as set forth in 
30 claims 8 and 9, the resistances of the MOSFETs which are controlled, are the RDSon. 
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Fuffhemore, fhe MOSFETs and the electromc circuits may be~a pow^ mod^^ m 
particular for use in automotive or induslrial ^pUcati^ 
comprise at least tv^o paralleled MOSFETs. 

5 According to another exemplary embodiment of the present invention as set forth in 
claim 10, a method is provided of operating a first MOSFET and a second MOSFET, 
which are arranged parallel to each other, wherein the resistances of the MOSFETs are 
controlled individually. Advantageously, a very simple control method is provided, 
which allows to inq>rove a current sharing between parallel MOSFETs and thus the 
10 provision of smallo: and less costly devices, due to the fact that an over dimensioning 
may be avoided. Furthermore, this method may provide for a better heat distnbution and 
the avoidance of hot spots, which may cause increased reliability of the MOSFETs. 

Claims 11 to 1 5 provide for further exen^lary embodiments of the method according to 
15 the preset invention . 

It may be seen as the gist of an exemplary embodiment of the present invention that the 
resistances, i.e. KDSon of the MOSFETs are controlled individually. Thus, in a circuit 
comprising a plurality of MOSFETs, a better MOSFET, which has a smaller RDSon 
20 than fhe olher MOSFETs and is thus charge with a higher current, is artificially made 
worse, such that the resistances of the MOSFETs are adjusted to each other or 
equalized. By this, the current sharing of the MOSFETs may be improved, which may 
allow to inq»x>ve a heat distribution between the MOSFETs, which allows for a higher 
reliability and a reduced over-dimensioning of the MOSFETs. 

25 

These and other aspects of the present invention will become apparent firom and 
elucidated with reference to the embodiments described hereinafter. 

Exemtplary embodiments of the present invention will be described in the following 
30 with reference to the following drawings: 



V 
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Fig. 1 shows a simqplified dicuit diagram of a £brst exemplary embodiment of the 
present invention. 

Fig. 2 shows two charts depicting MOSFET characteristics of an exemplary MOSFET 
5 as it may be used according to the present invention, showing the RDSon dependency 
on the gate to source voltage. 

Fig. 3 shows a siniplified flow-chart of a method of operating the electronic circuit 
depicted in Fig. 1, according to an exetxiplary embodiment of ihe present invention. 
Fig. 4 shows a simplified circuit diagram of a second exemplary embodiment of an 

10 electronic circuit according to the pr^ent invention. 

Fig. S shows a simplified flow-chart of an exemplary embodiment of a method of 
operating the electronic circuit of Fig. 4 according to the present invention. 
Fig. 1 shows a simplified circuit diagram of a first exemplary embodiment of an 
electronic circuit according to the present invention. This electronic circuit may be a 

15 power module, including a plurality of MOSFETs. The electronic circuit depicted in 
Fig. 1 maybe implemented as one constmctional unit or one package. Such electronic 
power modules find widespread use, in particular in automotive and industrial 
^yplications. 

20 As maybe taken from Fig. 1, there is provided a driver 2 and gate resistors 4 for driving 
the plurality of MOSFETs, here the first MOSFET 6, the second MOSFET 8 and the 
third MOSFET 10. It has to be noted that the circuitry depicted in Fig. 1 does not show 
the actual circuit arrangement and cotmections of the MOSFETs 6 to 8, but the abstract 
arrangement tiiereof . 

25 

Furlliermore, there are provided first, second and third current measurement units 14, 16 
and 1 8, which are respectively measuring Ihe first, second and third currents flowing 
tbrou^ the fibrst, second and third MOSFETs 6, 8 and 10. The first, second and third 
current measuring units 14, 16 and 18 are comiected to a MOSFET resistance control 
30 circuit 12, which is Bdaptod to individually control at least one of the resistances RDSon 
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of the Srst, second md^(£^MO^Ei:s 6, 8 and 10. The MOSFET resistence c6nEc3 
ciicuit 12 comprises a gate voltagp control ciicuit 26 to individuany control at least one 
of tile gate to souice voltages of tibe first, second and third MOSFETs 6, 8 and 10 to 
tiiereby control at least one of the resistances RDSon of the firsl^ second and third 
5 MOSFETs 6, 8 and 10. 

Furthermore, there are provided controlled current sources 20, 22 and 24 for controlling 
the gate to source voltages of the firs^ second and third MOSFETs 6, 8 and 10. As may 
be taken from Fig. 1 , the controlled current sources 20, 22 and 24 are controlled by 
10 means of the MOSFET resistance control circuit 12. 

There are many known insplementations of the current measuring units 14, 16 and 18. 
According to an exemplary embodiment of the present invention, th^e current 
measuring units 14, 16 and 18 may, for example, be implemented by resistors, current 
15 transformers, sense-FETs, Hall sensors or other suitable current measuring devices. 

Also, instead of the current sources 20, 22 and 24, it is possible to provide, for example, 
controllable resistors. 

20 Fig. 2 shows characteristics of exjemplary MOSFETs showing the KDSon dependency 
on the gate to source voltage of the respective MOSFETs. 

According to an aspect of the present invention, it has been found that the KDSon 
dependency on the gate to source voltage of the resfpective MOSFETs, as depicted in 

25 Fig, 2, may be used for the control of the MOSFETs in power modules. In particular, it 
was found that by the respective adjustment of the gate to source voltage of the 
respective MOSFETs, a substantially equal current sharing between MOSFETs 
arranged in parallel, as depicted in Fig. 1, may be realized. Also, according to an asfpect 
of the present invention, equal losses or an equal temperature, as described in more 

30 detail with resspect to Fig. 4, may be realized. Also, by the control of the gate to source 
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vollage/a temperatuie difference betweeifN^SFETs of a power modiile Ic^yEe 
controlled. Advantageously, smaller devices may be realized, hot spots may be avoided 
and a MghCT reliabiUty of the electronic circmt may be realized. 

3 Fig. 3 shows a simplified flow-chart of a first exemplary embodiment of operating the 
electronic circuit depicted in Fig. 1 accordmg to the present invention. 

After the start in step SI , the method continues to step S2, where the MOSFETs are 
operated. Then, the method continues to step S3, where the currents flowing through the 

10 MOSFETs 6, 8 and 10 are measured by means of the current measurem^t units 14, 16 
and 1 8. According to an aspect of the present invention, it may be sufficient to measure 
only one current flowing through one of the MOSFETs and to then control the gpte to 
source voltage of this respective MOSFET. However, according to another aspect of the 
present invention, a plurality of currents flowing through the MOSFETs may be 

15 measured and used for the subsequent control of the respective gate to source voltages. 
Then, the method continues to step S4, where the gate to source voltage of at least one 
of the MOSFETs 6, 8 and 10 is controlled on the basis of the currents measured in step 
S3, such that the RDSons of the MOSFETs are adjusted. Preferably, according to an 
aspect of the present invention, the RDSons are adjusted, such that they become equal 

20 for all of the MOSFETs 6, 8 or 10. 

As mentioned above, the control of the RDSons maybe implemented by means of the 
gate voltage control circuit 26, controlling the gate to source voltages of the MOSFETs 
6, 8 and 10, respectively controlling the current sources 20, 22 and 24. Advantageously, 
25 due to the opemtion described with respect to Fig. 3, an improved current sharing 
between the paralleled MOSFETs 6, 8 and 10 may be achieved. Due to this, smaller 
MOSFETs and thus smaller devices may be realized, since l^s over-dimensioning of 
the MOSFETs has to be taken into account. Also, a better heat distribution may be 
achieved, due to the more equal current distribution among the MOSFETs. 

30 
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' Advantageously, due to this, hot spote in the module may be avoided, which also gives 
rise to an increased reliability of the electronic circuit 

Fig. 4 shows a simplified circuit diagram of a second exemplary embodiment of the 
5 electronic circuit according to the present invention. Preferably, as the electronic circuit 
of Fig. 1, this electronic circuit according to the second exemplary embodiment of the 
present invention is also a power module, in particular for the application in automotive 
or industrial applications. 

10 In Fig. 4, the same reference numerals are used to designate the same or corresponding 
elements as in Fig 1. 

As may be taken from Fig. 4, there are provided the controlled current sources 20, 22 
and 24 for effecting the control of the gate to source voltages of the first, second and 

15 third MOSFETs 6, 8 and 10, which are arranged parallel to each other. Furthermore, 
there is provided a MOSFET resistance control circuit 30, comprising a gate voltage 
control circuit 32 for individually controlling at least one of the controlled current 
sources 20, 22 and 24 to effect a control of the respective gate to source voltage of the 
respective MOSFETs to thereby control the respective resistances RDSon of the firsts 

20 second and third MOSFETs 6, 8 and 10. 

Furthermore, there are provided temperature sensors 34, 36 and 38, which are 
respectively connected to the MOSFET resistance control circuit 30. As may be taken 
fix>m Fig. 4, the temperature sensor 34 is associated with the first MOSFET 6, the 

25 ten^eiature sensor 36 is associated with the second MOSFET 8 and the temperature 
sensor 38 is associated with the third MOSFET 10. The respectively associated 
temp^ature sensors 34, 36 and 38 are respectively arranged such that they measure the 
tenq)eratures of the respective MOSFETs 6, 8 or 10. Preferably, the temperature sensors 
34, 36 and 38 are arranged close to llie respective MOSFETs 6, 8 or 10. Preferably, ibsy 

30 are arranged on the package or near the die or even on the same die. 
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According to exemplary embodiments of the temperature sensors 34, 36 and 38, these 
tentperature sensors maybe realized by means of temperature sensitive resistors, 
temperature sensing diodes or other suitable known temperature sensors. 

5 

The g^te voltage control circuit 32 is adapted to individually control at least one of the 
gate to source voltages of the MOSFETs 6, 8 and 10 on the basis of the texrqperatures 
measured by the tentperature sensors 34, 36 and 38. 

1 0 The gate volta^ control circuit 3 2 is adapted to individually control at least one of the 
gate to source voltages of the MOSFETs 6, 8 and 1 0 on the basis of at least one of the 
ten^eratures measured by the temperature sensors 34, 36 and 38. According to an 
a^ect of the present invention, the gate voltage control circuit 32 is adapted such that it 
controls the gate to source voltage of a particular MOSFET of the MOSFETs 6, 8 and 

15 10 on the basis of the temperature measured at this particular MOSFET 6, 8 and 10 by 
oae of the temperature sensors 34, 36 and 38. Also, the ^e voltage control circuit 32 
may be adapted sudi lhat it controls the gate to source voltage of the MOSFETs 6, 8 and 
10 on the basis of the temperatures of the MOSFETs 6, 8 and 10. 

20 According to an aspect of this exenqplary embodiment of the present invention, the gate 
voltage control circuit 32 is adapted such that it controls at least one of the gate to 
source voltages of the MOSFETs 6, 8 and 10 only when one of the measured 
temperatures exceeds a pre-set threshold temperature. Depending on the technology of 
the MOSFETs, this threshold temperature may be in the rangq of lOS^'C up to 1 lO^'C. 

25 However, depending on the respective technology, threshold values in the range starting 
from 90^*0 up to almost 200''C may be selected. 

According to anoflier aspect of the present invention, the gate voltage control circuit 32 
is ad^ted such that it detects a temperature difference between at least two MOSFETs 
30 of the first, second and thnd MOSFETs 6, 8 and 10. Then, according to this aspect of 
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fhis ekeinplary^BbdimeiDit of the present mventionftELe gate voltage conErorcircuit 
controls at least one of the gate to source voltages of the at least two MOSFETs on the 
basis of the detected teniperature difference. In particular, such control maybe 
implemented such that the gate to source voltage control is only implemented when 
5 such temperature difference exceeds a prenset value, such as, for example, if the 

temperature difference exceeds 5*^C. However, this temperature difference threshold is 
dependent on the technology of the MOSFET. 

Naturally, according to a further aq>ect of the present invention. Hie above two aspects 
10 may be combined. 

Fig. 5 shows a simplified flow-chart of an exemplary embodiment of a method of 
operating the electronic drcuit of Fig. 4. 

15 As may be taken from Fig. S, after the start in step SIO, the method continues to step 
SI 1, where the MOSFETs are operated. Then, in the subsequent step S12, the 
temperature of at least one of the MOSFETs is measured Then, in the subsequent step 
S13, at least one of the gate to source voltages of at least one of the MOSFETs is 
controlled on the basis of the temperature(s) of the MOSFETs, such that the RDSons of 

20 the MOSFETs are adjusted. As mentioned above, such control may be implemented on 
the basis of an absolute tenqpemture, i.e. in case the teDGperature of one of the 
MOSFETs exceeds a threshold value or on the basis of a temperature difference 
occurring between at least two of the MOSFETs. 

23 Then, in step SI 4, it is determined whether the control is to be continued. In case it is 
determined that the control is to be continued, the method returns to step S12. In case it 
is determined in step S14 that the control is not to be continued, the method continues 
to step S15, where it ends. 



30 
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AccbrBing to anofher exeiiqpli^embodim of the preset mventioB, the currentlBased 
gate to source voltage control depicted in Figs. 1 and 3 maybe combined with the 
temperature based gate to source voltage control depicted in Figs. 4 and S. Thus, by 
implementing a gate to source voltage control on the basis of the current flowing 
5 through the MOSFETs and the temperatures of the MOSFETs, a very accurate control 
may be achieved. 

According to an aspect of the present invention, an improved current sharing between 
paralleled MOSFETs may be achieved. Furthermore, due to the improved current 
10 sharing smaller devices may be implemented and less over-dimensioning of the 

respective conoponents is necessary. Furthermore, the present invention may allow for a 
better heat distribution and the avoidance of hot spots, which leads to an improved 
reliability of the overall electronic circuit 

1 5 According to a fiirther aspect of the present invention, instead of having only one gate 
driver 2, separate gate drivers may be provided for each of the MOSFETs 6, 8 and 10. 
According to this aspect, the current sources 20, 22 and 24 may be provided to 
individually control the resistances of the MOSFETs 6, 8 and 10, the currents through 
the MOSFETs or flie temperatures of the MOSFETs 6, 8 and 10. Also, instead of 

20 providing the output signals of the resistance control circuits 12 and 30 to the current 
sources 20, 22 and 24, these output signals may be provided to the mdividual drivers of 
the MOSFETs 6, 8 and 10, to thereby individually control tiie respective driving 
voltages. Then, no controlled current sources need to be provided. 

25 According to another aspect of the jiresent invention, instead of the provision of the 
current sources 20, 22 and 24 in the embodiments of Figs. 1 and 4, it is also possible to 
provide resfpective resistors. Then, by further providing a variable resistor in series to 
each of the resistors 4, which is controlled by the output signals of the resistance control 
circuits 12 and 30, the driving voltages of the MOSFETs 6, 8 and 10 maybe 

30 individually controlled. Thus, by controlling these variable resistors arranged in series 
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to the resistors 4, a very simple adjusti^t of the gate voltage of the respective 
MOSFETs 6, 8 and 10 maybe provided Advantageously, this may allow for reduced 
losses in the gate circuitry. 

Furthermore, according to anolher aspect of the present invention, the resistance control 
circuits 12 and 30 may be realized as digital control blocks, for example, by means of 
state machines or EPLDs or may be arranged as analog control blocks. 
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CLAIMS 



1. Electronic circuit, comprising: 

a first MOSFET and a second MOSFET; 

wheiein the first MOSFET and the second MOSFET are arranged parallel to 
each other; 

5 wherein the jBrst MOSFET has a first resistance when it is switched on and the 

second MOSFET has a second resistance when it is switched on; and 

a MOSFET resistance control circuit for individually controlling at least one of 
the first resistance of the first MOSFET and the second resistance of the second 
MOSFET. 

10 

2. The electronic circuit of claim 1, 

wherein the MOSFET resistance control circuit conxprises a gate voltage control 
circuit for individually controlling at least one of a first gate voltage of the first 
MOSFET and a second gate voltage of the second MOSFET to thereby control at least 
15 one of the first resistance of the first MOSFET and the second resistance of the second 
MOSFET. 

3. The electronic circuit of claim 2, 

wherein the ^le voltage control circuit controls the at least one of the first and 
20 second voltages such that at least one of the first and second resistances, first and 

second currents flowing througjbi the first and second MOSFETs and first and second 
tenipemtures of the first and second MOSFETs are adjusted to each other. 
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4. The electromc circuit of claim 2, 

fiirther comprising a current measuring unit for measuring at least one of a first 
current flowing through the first MOSFET and a second current flowing through the 
5 second MOSFET; 

wherein the gate voltage control circuit is adapted to individually control the at 
least one of the first and second voltages on the basis of at least one of the first and 
second currents. 



10 S. The electronic circuit of claim 2, 

further comprising a temperature sensor for measuring at least one of a first 
temperature of the first MOSFET and a second temperature of the second MOSFET; 

wherein the gate voltage control circuit is adapted to individually control the at 
least one of a first and second voltages on the basis of the at least one of the first and 
15 second temperatures. 



6. The electronic circuit of claim S, 

wherein the gate voltage control circuit controls tibie at least one of a fibrst and 
second voltages only when one of the first and second tenqieratures exceeds a first 
20 preset threshold value. 

7. The electronic circuit of claim 5, 

wherein the t^aiperature sensor is ad^ted for measuring the first temperature 
and the second tenoqperature; and 
25 wherein the gate voltage control circuit controls the at least one of a first and 

second voltages only when a difference of the first and second temperatures exceeds a 
second preset value. 
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8. The electronic circuit of claim 1, wherein the first resistance of the fia:st MOSFET is 
the RDSon of the first MOSFET and the second rei^stance of the second MOSFET is 
the KDSon of the second MOSFET. 

5 9. The electronic circuit of claim 1, wheiein the electronic circuit is a power module in 
particular for the use in automotive applications. 

10. Method of operating a first MOSFET and a second MOSFET, wherein the first 
MOSFET and the second MOSFET are arranged parallel to each other, wherein the first 

10 MOSFET has a first resistance when it is switched on and the second MOSFET has a 
second resistance when it is switched on, the method comprising the step of: 

individually controlling at least one of the first resistance of the first MOSFET 
and the second resistance of the second MOSFET. 

1 1 . The method of claim 10, further comprising the step of: 
individually controlling at least one of a first g^te voltage of the first MOSFET 

and a second gate voltage of the second MOSFET to thereby control at least one of the ' 
first resistance of the first MOSFET and the second resistance of the second MOSFET 
such that the first and second resistances are adjusted to each other. 

12. The method of claim 11, further comprising the steps of: 
measuring at least one of a first current flowing through the first MO SFET and a 

second current flowing through the second MOSFET 

individually controlling the at least one of Hie first and second voltages on the 
basis of at least one of Ihe first and second currents. 
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13. The method of claim 1 1, ftirther comprising the steps o£ 

measuring at least one of a first temperature of the first MOSFET and a second 
temperature of the second MOSFET; 

individually controlling the at least one of a first and second voltages on the 
5 basis of the at least one of the first and second temperatures. 

14. The method of claim 13, fiuiher comprising the step of: 

controlling the at least one of a first and second voltages only when one of the 
first and second temperatures exceeds a first preset threshold value. 

10 

15. The method of claim 13, further comprising the steps of: 

measuring the first temperature and the second temperature; and 
individually controlling the at least one of a first and second voltages only when a 
difference of the first and second voltages exceeds a second preset value. 
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ABSTRACT 

Opetation and circuitry of a power conversion and control circuit 

Since parallel MOSFETs are usually driven with one gate signal in power applications, 
the current sharing between the MOSFETs is automatically established with regard to 
5 the characteristics of the individual MOSFETs. This may lead to a large non-uniformity 
of the current distribution between the MOSFETs. According to the present invention, 
an individual control of the on-resistances of the MOSFETs is provided, which allows 
for an improved current sharing between paralleled MOSFETs. 
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operating the MOSFETs 
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measuring the currents flowing through the IVIOSFEls 
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controlling the gate-source voltage of at least one of the 
MOSFETs on the basis of the currents such that the RDSons 
of the MOSFETs are adjusted 
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operating the MOSFETs 
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measuring the temperature of at least one of the MOSFETs 



controlling the gate-source voltage of at least one of the 
MOSFETs on the basis of the temperature(s) 
of the MOSFETs such that the RDSons 
of the MOSFETs are adjusted 
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